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([DPLQDWLRQRIWUDLQZKHHOVUHVLVWDQFHDJDLQVWODWHUDOGLVSODFHPHQWWRWKHORZHUUDLOUHYHDOVSUDFWLFDOO\QRULVNRI
GHUDLOPHQW UHVXOWLQJ IURP WHQVLOH ORQJLWXGLQDO IRUFHVDFWLQJRQ WKHFDUVRQFRQGLWLRQ WKDW WKH UDLOV DQGZKHHOV DUH
IXQFWLRQLQJSURSHUO\
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RQWKHIRUFHVDULVLQJDWFDUFRXSOHUVRIDIUHLJKWWUDLQPRYLQJRQUDLOURDGZLWKDYDULDEOHVORSHLVDQDO\]HG
7KHDLPRIWKHUHVHDUFKLVWRGHYHORSPHWKRGVRIIUHLJKWWUDLQG\QDPLFEUDNLQJDQDO\VLVWRGHWHUPLQHWKHVDIHVW
PRGHVRIHOHFWURG\QDPLFEUDNHDSSOLFDWLRQ
0DWKHPDWLFDOPRGHORIDWUDLQ
:KLOHH[DPLQLQJEUDNLQJRIDWUDLQZKLFKFRQVLVWVRInIRXUD[OHFDUVDQGLVPRYLQJRQUDLOURDGZLWKDYDULDEOH
VORSH)LJWKHIROORZLQJDVVXPSWLRQVKDYHEHHQXVHG%ORNKLQ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x WKHFDUVDUHFRQVLGHUHGDVDEVROXWHO\ULJLGERGLHV
x WKHFDUULDJHJURXSVPRYHPHQWLVDQDO\]HGRQDUDLOWUDFNZLWKVHYHUDOYDULHWLHVRIVORSHDQJOH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x WKHUHDUHQRJDSVLQLQWHUZDJRQFRPPXQLFDWLRQ
x WKHPDVVHVRIWKHFDUVDUHFRQFHQWUDWHGDWWKHLUFHQWHUVRIPDVV
x YHUWLFDORVFLOODWLRQVDQGDQJXODUGLVSODFHPHQWRIWKHFDUVDUHQHJOHFWHG
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ORQJLWXGLQDOIRUFHVLQWKHFDUFRXSOHUVLWVKRXOGEHWDNHQLQWRDFFRXQWWKDWLQWKHFDVHRIDORQJUDNHWKHWLOWLQJRIFDU
ERG\GHSHQGVRQLWVSRVLWLRQLQWKHUDNH'XHWRVPDOOYDOXHRIDQJOHDkLWFRXOGEHDVVXPHGWKDWVLQDk |Dk6RLI
WKHUHODWLRQVKLSEHWZHHQWKHWUDFNVORSHDQJOHDQGWKHGLVWDQFHFRYHUHGE\WKHORFRPRWLYHFDQEHH[SUHVVHGDVDl L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7KHIRUFHV LQ WKHFDUFRXSOHUVZLWKFRLOVSULQJ W\SHRIIULFWLRQGUDIWJHDU LQ WUDLQPRYLQJZLWK WKHYHORFLW\QRW
H[FHHGLQJWKHYDOXHDSSURSULDWHIRUWKHVKRFNDEVRUELQJXQLWWDNHWKHIROORZLQJIRUP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xkLVWKHPRYHPHQWDQGܪkLVWKHYHORFLW\RI
ZDJRQkk «nP LVWKHIULFWLRQFRHIILFLHQWDWFDUFRXSOHUVHOHPHQWV9HUVKLQVNLL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7KHRULJLQRIHDFKFRRUGLQDWHɯkk «nGHWHUPLQLQJWKHFDUVSRVLWLRQLVWKHVDPHZLWKWKHSRVLWLRQRID
ZDJRQRQWKHH[DPLQHGSDUWRIWKHWUDFNLQWKHLQLWLDOWLPHt SURYLGHGWKDWUHVLOLHQWHOHPHQWVRIFDUFRXSOHUVDUH
IUHHRIGLVWRUWLRQ
)RUWKHSXUSRVHRIWKHIXUWKHUFDOFXODWLRQVVLPSOLI\LQJWKHIROORZLQJYDULDEOHVKDYHEHHQXVHG
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7KHUHVXOWDQWIRUFHRIUHVLVWDQFHWRWKHORFRPRWLYHPRYHPHQWRLQFOXGLQJHOHFWURG\QDPLFEUDNLQJIRUFHVLVDSSOLHG
WRWKHILUVWZDJRQ
7KXVWKHV\VWHPRIGLIIHUHQWLDOHTXDWLRQVWKDWUHSUHVHQWWKHPRWLRQRIWKHWUDLQZLWKQFDUVGXULQJEUDNLQJLVWKH
IROORZLQJ
°
°
°
°
°
¯
°
°
°
°
°
®
­
 
 
 
 
 
 


VJQ
VJQVJQ

VJQVJQ

VJQVJQ
VJQVJQ
VJQVJQ





pnnnnnnn
pnnnnnnnnnn
rkkkkkkkkkk
gmSuucuxm
gmSuucuuucuxm
gmSuucuuucuxm
gmSuucuuucuxm
gmSuucuuucuxm
RgmSuucuuuucxm
DP
DPP
DPP
DPP
DPP
DPP






 
(OHFWURG\QDPLFEUDNLQJIRUFHHVWLPDWLRQ
7RGHILQHWKHIRUFHVZKLFKDULVHLQWKHFRXUVHRIHOHFWURG\QDPLFEUDNLQJWKHPRWLRQRIDWUDLQFRQVLVWLQJRIn 
FDUULDJHVORDGHGHPSW\ORDGHGKDVEHHQH[DPLQHG7KHFDOFXODWLRQVZHUHSHUIRUPHGIRUȝ ɫ ɫ  
Â1Pg  PV
,QLWLDOFRQGLWLRQV LQFOXGHG WLPHGHSHQGHQFLHVRI WKH WUDLQYHORFLW\DQGGLVWDQFHFRYHUHG WKDWZHUH IL[HGE\ WKH
ORFRPRWLYH VSHHGRPHWHU JRLQJ GRZQKLOO DW DQ DQJOH RI $V WKH UHVXOW RI WKH GDWD SURFHVVLQJPDWKHPDWLFDO
UHODWLRQVKLSRIVSHHGEHKDYLRUZKLFKZDVDSSUR[LPDWHGXVLQJSRZHUIXQFWLRQVZLWKLQWKHFKRVHQSHULRGVRIWLPHZDV
GHULYHG
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ZKHUHCjDUHFRQVWDQWFRHIILFLHQWV t LVWLPHVHF
9LD WKHXVHRIYHORFLW\ IRUPXODH LQWHJUDWLRQDQGGLIIHUHQWLDWLRQ WKHDOJRULWKPRI WUDLQPRYLQJDQGDFFHOHUDWLRQ
DOWHUDWLRQWKURXJKWLPHKDVEHHQH[DPLQHG
,Q)LJWKHUHODWLRQVKLSEHWZHHQWUDLQYHORFLW\DQGWLPHLVVKRZQ7KHGHSHQGHQFHRIWKHGLVWDQFHFRYHUHGDQG
DFFHOHUDWLRQRQWLPHLVH[SUHVVHGLQ)LJDQG)LJ


 )LJ7LPHGHSHQGHQFHRIWKHWUDLQYHORFLW\ZLWKDVLQJOH )LJ7LPHGHSHQGHQFHRIWKHGLVWDQFHFRYHUHGZLWKDVLQJOH
 HSLVRGHRIEUDNLQJ HSLVRGHRIEUDNLQJ
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ZLWKLQLWLDOYHORFLW\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'HSHQGHQFHRIWKHWUDLQYHORFLW\RQWKHWLPHLVVKRZHGLQ)LJ
$VLQWKHSUHYLRXVFDVHYLDYHORFLW\IRUPXODHLQWHJUDWLRQDQGGLIIHUHQWLDWLRQPDWKHPDWLFDOUHODWLRQVKLSVEHWZHHQ
WKHGLVWDQFHFRYHUHGDQGWLPHs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ZLWKWKH
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  kx 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420   Iryna Varazhun et al. /  Procedia Engineering  134 ( 2016 )  415 – 421 

)LJ7LPHGHSHQGHQFHRIWKHWUDLQYHORFLW\

 )LJ7LPHGHSHQGHQFHRIWKHGLVWDQFHFRYHUHG )LJ7LPHGHSHQGHQFHRIWKHWUDLQDFFHOHUDWLRQ
,Q)LJ±WKHEHKDYLRURIORQJLWXGLQDOG\QDPLFIRUFHVLQUHVLOLHQWHOHPHQWVRIWUDLQFRXSOHUVGXULQJWKHWUDLQ
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FDUV±
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